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(54) Controlled torque steering system and method 



(57) A controlled torque steering system 10 for use 
in an on demand hydraulic assist steering system for a 
vehicle provides selecting means 24 to allow for user/ ' 
actuatable means to engage a controller 18 for empl<^ 
ing signal processing means 16 to delay or ramp' down 
a control output signal for providing a stable -controlled 



torque steering system. Controlled torque steering sys- 
tem 10 allows for the selection of a determined amount 
of desired assist in steering, including none if so 
desired. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Not Applicable 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

MICROFICHE APPENDIX 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0004] The present invention relates in general to a 
vehicle steering system, and more specifically to a con- 
trolled torque steering system for an on demand hydrau- 
lic assist steering system. 

2. Description of the Related Art 

[0005] There is a wide variety of steering systems 
employed on vehicles. The first steering systems used 
on vehicles were the manual steering systems. Some of 
these type systems employed a Gemmer worm-and- 
roller gear, and/or a recirculating ball gear. Manual 
steering systems have been used on many automobiles 
well into the 1970's. 

[0006] Conventional rack and pinion power steering 
systems (non-variable assist) are still widely used today. 
These are primarily hydraulic systems that may include 
a recirculating ball gear with a rack and pinion. 
[0007] More recently, variable assist power steering 
systems have been developed and implemented as 
early as 1 988. This design is an improvement over con- 
ventional power steering systems and provides the 
advantages of better road feel and increased fuel econ- 
omy. The variable assist power steering system uses an 
electronic variable orifice (EVO) actuator or system, a 
controller, and a hand or steering wheel speed sensor. 
Vehicle speed is inputted into the EVO system controller 
so that as vehicle speed changes so does the steering 
assist to provide a more controlled driving experience. 
[0008] It is known that an on demand hydraulic 
steering system uses less horsepower than conven- 
tional power steering. 

[0009] These recent power steering systems have 
included speed sensitive steering which increase the 
manual steering forces or the driver feel at high vehicu- 
lar speeds by reducing hydraulic fluid flow through con- 
trol valves in order to reduce valve gain. Examples of 
such variable assist power steering systems are 
described in U.S. Patent Nos. 5,133,424 entitled "Varia- 



ble Assist Power Steering Control Valve" which issued 
on July 28, 1992, and U.S. Patent No. 4,877,099 entitled 
"Electronically Controlled Variable Assist Power Steer- 
ing System" which issued on October 31, 1989, of 
5 which both patents are incorporated by reference 
herein. 

[0010] In an on demand hydraulic assist steering 
system, typically the system includes a hydraulic power 
cylinder coupled to the linkage mechanism, and a pump 

10 or source of pressurized hydraulic fluid. A valving mech- 
anism directs the hydraulic fluid from the pump to the 
power cylinder in relation to the magnitude and direction 
of steering torque applied to the steering wheel. In this 
manner, there is hydraulically generated a steering 

is assist force on the linkage mechanism which aids the 
operator of the vehicle. 

[001 1 ] At low vehicle speeds, a relatively high level 
of steering assist is likely to be required and the hydrau- 
lic flow is maintained at a relatively high level under 

20 such conditions to provide this capability. At high vehicle 
speeds, a relatively low level of steering assist is likely to 
be required and the hydraulic flow is reduced. Poten- 
tially, this can effect an energy savings and can improve 
the on-center stability of the vehicle. U.S. Patent No. 

25 5,725,023 describes an electronically variable pressure 
power steering system with control valve and sensor. 
This patent is hereby incorporated by reference. 
[0012] Other variable assist power steering sys- 
tems are described in the following patents: U.S. Patent 

30 No. 5,307,892 entitled "Electronically Controlled Power 
Steering System"; U.S. Patent No. 5,207,780 entitled 
"Hydraulic Valve Device for Automotive Power Steering 
Gear"; U.S. Patent No. 4,828,065 entitled "Electronically 
Controlled Power Steering System"; U.S. Patent No. 

35 4,471,811 entitled "Linear Solenoid-Operated Valve for 
Use in Power Steering System"; U.S. Patent No. 
4,643,227 entitled "Linear Solenoid-Operated Valve for 
Use in Power Steering System"; and U.S. Patent No. 
4,629,025 entitled "Flow Regulated Power Assist Steer- 

40 ing System with Evasive Maneuver Capability". Other 
patents related to this disclosure include: U.S. Patent 
No. 5,513,832 entitled "Variable Force Solenoid Valve"; 
U.S. Patent No. 5,513,673 entitled "Electrically Modu- 
lated Pressure Regulator Valve with Variable Force 

45 Solenoid"; U.S. Patent No. 5,261 ,637 entitled "Electrical 
Variable Orifice Actuator"; and U.S. Patent No. 
4,947,893 entitled "Variable Force Solenoid Pressure 
Regulator for Electronic Transmission Controller". 
These patents are all hereby incorporated herein by ref- 

so erence. 

[0013] When a torque sensor located in the steer- 
ing wheel shaft outputs a torque signal, the electronic 
controller ordinarily outputs a command signal to the 
electronically variable orifice system (EVO) which 
55 results in more flow to the steering gear. However, when 
th torque demand decreases or is less, an oscillation 
can occur which is caused by unstable electronics 
and/or hydraulics. 
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[0014] Thus, there still exists a need for a system 
that addresses the problems with such oscillations to 
provide a more stable, better controlled steering sys- 
tem. Preferably, such a system would delay or ramp 
down the output signal to the electronically variable ori- 
fice or to a slower rat . Advantageously, such a system 
would include a selecting means for operator or user 
interface that would include a user actuatable switch 
with means for selecting a desired amount of assist 
when activated. In the inactive state, the selecting 
means would automatically default to the manufac- 
turer's variable assist power steering system. 

BRIEF SUMMARY OF THE INVENTION 

[0015] The present invention is directed to solving 
the aforementioned problems as well as others by pro- 
viding a controlled torque steering system for an on 
demand hydraulic assist steering system that delays or 
ramps down the output signal for the electronically vari- 
able orifice system. The present invention alleviates the 
oscillations caused with fluctuations in torque demand 
which are believed to be caused by unstable electron- 
ics, hydraulics, or the like. 

[0016] An object of the present invention is to pro- 
vide a controlled torque steering system that employs a 
controller in communication with and responsive to 
selecting means for selecting a predetermined amount 
of desired assist in steering. The controller receives a 
torque signal from a torque sensor, and processes the 
torque signal to generate a controller output signal that 
is delayed or ramped down at a set rate to means for 
varying flow of hydraulic fluid to a steering unit when 
activated. 

[0017] Another object of the present invention is to 
provide a controlled torque steering system that 
employs user actuatable means for selecting a prede- 
termined amount of desired assist in steering. 
[001 8] A further object of the present invention is to 
provide a controlled torque steering system that 
includes an automated means for selecting a deter- 
mined amount of desired assist in steering. 
[0019] Still a further object of the present invention 
is to provide a controlled torque steering system for a 
vehicle which includes means for delaying and/or ramp- 
ing response time of the control output signal for provid- 
ing the control output signal to an electronic variable 
orifice at a preset rate. 

[0020] Still a further object of the present invention 
is to provide a method for controlling steering with an on 
demand hydraulic assist steering system which com- 
prises the steps of selecting a predetermined amount of 
desired assist in steering, sensing torque in a steering 
wheel shaft with a torque sensor and establishing a sig- 
nal indicative thereof, receiving the torque signal with a 
controller in communication with the torque sensor, gen- 
rating a control output signal at a preset rate with the 
controller when activated, and varying the flow of 



hydraulic fluid to a steering unit responsive to the control 
output signal. 

[0021] Still a further object of the present invention 

is to provide a method for controlling steering with an on 
s demand hydraulic assist steering system that allows 

user actuatable means to select a predetermined 

amount of desired assist in steering. 

[0022] Still a further object of the present invention 

is to provide a method for controlling steering with an on 
w demand hydraulic assist steering system that employs 

automated means for determining the amount of 

desired assist in steering. 

[0023] The various features of novelty which char- 
acterize the invention are pointed out with particularity 

15 in the claims annexed to and forming a part of this dis- 
closure. For a better understanding of the invention, it 
operating advantages and specific objects attained by 
its uses, reference is made to the accompanying draw- 
ings and descriptive matter in which a preferred embod- 

20 iment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

25 

FIG. 1 is a perspective view, partially in diagram- 
matic form, showing a known variable assist power 
steering system; 

FIG. 2 is a side elevational view, partially in dia- 
30 grammatic form showing the known variable assist 
power steering system with a known control valve; 
FIG. 3 is a block diagram schematic of the present 
invention; 

FIG. 4 is a logic flow diagram of the controlled 
35 torque steering system in accordance with the 
present invention; 

FIG. 5 is a known torque conditioner circuit 
employed in the steering system of the present 
invention; and 

40 FIG. 6 is a voltage input to output current converter 
for delaying and/or ramping down the control output 
signal in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[0025] Referring to the figures, where like numerals 
designate like or similar features throughout the several 
views, and first in particular to Fig. 1, there is shown a 
known variable assist power steering system. The 

so power steering system includes a control valve 21, a 
non-compliant pinion shaft 23, a pinion gear 25, a rack 
27, a steering cylinder 29, a steering pump 31, a steer- 
ing fluid reservoir 33, a sensor 35, an electrical control 
unit 37, and an operator accessible steering wheel 39. 

55 Steering wheel 39 has a steering shaft 41 fastened 
thereto coupled to pinion shaft 23 through a plurality of 
couplings 51, 53 and 55. Thus, when the operator or 
driver turns steering wheel 39, st ering shaft 41 , pinion 
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shaft 23, and pinion gear 25 will rotate in concert there- 
with. Pinion gear 25 is enmeshed with a toothed seg- 
ment of rack 27 such that rotational movement of pinion 
shaft 23 is translated into linear movement of rack 27 
within steering cylinder 29. This rack and pinion assem- 5 
bly is of a conventional type employing an integral piston 
coupled for movement with rack 27. Valve 21 directs 
power steering fluid flow and controls the fluid pressure 
to reduce steering effort. The difference in steering fluid 
pressure on either side of the piston assists movement 
of rack 27, thereby selectively supplementing the man- 
ual forces applied through the mechanical interface 
between rack 27 and pinion gear 25 and reducing turn- 
ing efforts. The fluid in the oppositely compressed por- 
tion of steering cylinder 29 is forced back into valve 21 
and into reservoir 33. When the steering effort stops, 
control valve 21 causes pressure to be equalized on 
both side of the piston such that the front wheel returns 
to a straight ahead or neutral position. 
[0026] While the controlled torque steering system 
of the present invention finds particular applicability to 
the previously described variable assist power steering 
system, it should be immediately apparent that the 
present invention may be employed in any on demand 
hydraulic assist steering system. 
[0027] The controlled torque steering system in 
accordance with the present invention is generally des- 
ignated 10 as shown in Fig. 3. In Fig. 3, the controlled 
torque steering system 10 of the present invention 
employs a torque sensor 12 operatively connected to a 
steering wheel shaft and establishes a signal based on 
rotation thereof. Torque sensor 12 may be mounted in a 
manner similar to that of sensor 35 shown in Fig. 2. 
Torque sensor 12 is preferably a transducer of a mag- 
noelastic variety as described in U.S. Patent No. 
5,351,555 entitled "Circularly Magnetized Non-Contact 
Torque Sensor and Method for Measuring Torque Using 
Same." It may be one described in U.S. Patent No. 
4,896,544 entitled "Magnefoelastic Torque Transducer"; 
U.S. Patent No. 5,123,279 entitled "Transducer for an 
Electromotively Driven Power Steering System"; or the 
like. All of these transducer patents are hereby incorpo- 
rated by reference. Referring back to Fig. 2, transducer 
35 is electrically connected to a power supply 501 and 
has a second pair of leads connected for sending a sig- 
nal to an electrical control unit. 
[0028] Referring once again to Fig. 3, the torque 
signal is transmitted to a torque conditioner circuit 14 
where it is processed into a high impedance output volt- 
age output signal where it is further processed with sig- 
nal processor 16. A controller 18. which may be similar 
in construction to electronic controller 37, in communi- 
cation with the signal processor 16, the torque condi- 
tioner circuit 14 and the torque sensor 12 receives the 
processed torque signal, and generates a control output 
signal therefrom. While each of these devices is 
depicted as a separate unit in the block diagram of Fig. 
3, it should be understood that the torque conditioner 



circuit 14 and the signal processor 16 can be integrated 
into controller 18. Controller 18 is preferably a micro- 
processor but may alternately be an analog or other 
similar device. The controller 18 can also optionally 
receive a vehicle velocity signal from a speed sensor 13 
such as a permanent magnet speed sensor coupled to 
a vehicle drive shaft, or the like. Controller 18 employs 
various formulas in calculating a desired solenoid cur- 
rent as a function of velocity such as those disclosed in 
U.S. Patent No. 4,629,025 which is incorporated by ref- 
erence. The control output signal is applied or released 
at a preset rate when the controlled torque steering sys- 
tem 10 of the present invention is in an activated state 
as later herein described and sent to means for varying 
flow of hydraulic fluid 20 such as an electronically varia- 
ble orifice system. A suitable electronically variable ori- 
fice system 20 is described in U.S. Patent No. 5,725,023 
which has been incorporated by reference. Hydraulic 
fluid from a reservoir similar to the one 33 described in 
Fig. 1 is then supplied to the steering unit 22 in a known 
manner. Steering unit 22 is well known to those skilled 
in this art and a representative steering unit is shown in 
Fig. 1 and further described in U.S. Patent No. 
5,725,023. Of course, the controlled torque steering 
system 10 of the present invention may be employed in 
any on demand hydraulic steering system. 
[0029] Hie controlled torque steering system 10 
includes selecting means 24 which selects a predeter- 
mined amount of desired assist in steering. Selecting 
means 24 may be user actuatable as depicted with the 
switch 26, or other engagement means. Alternatively, 
selecting means 24 may include an automated means 
28 for determining the desired assist in steering, for 
example, based on vehicle speed from vehicle speed 
sensor 13. User actuatable means 26 in the preferred 
embodiment includes user input means 52 such as a 
selectable switch that allows selection of the maximum 
or minimum amount of assist desired. 
[0030] Referring next to Fig. 4, there is illustrated by 
way of a logic flow chart the controller strategy of the 
present invention. Initially, from the start position 30 an 
operator of a vehicle has the ability through selecting 
means 24 as shown by decision block 32 to decide 
whether to engage the controlled torque steering sys- 
tem 1 0 into an activated position or state, or to allow the 
vehicle manufacture's variable assist power steering be 
active. The operator may simply choose to use the on 
demand hydraulic assist steering system provided by 
the original equipment manufacturer (OEM). The select- 
ing means 24 may even include the option to disengage 
the variable assist steering supplied by the OEM. This 
would provide a steering system similar to that of a con- 
ventional power steering system. In Fig. 2, this decision 
is depicted by the line labeled NO which is connected to 
the on demand hydraulic assist steering system found 
on the vehicle depicted as instruction block 34. If the 
operator of the vehicle decides to engage the controlled 
torque steering system 10, then the line labeled YES 
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illustrates the remaining logic steps of the control strat- 
egy. Instruction block 36 labeled torque sensor input is 
provided to decision block 38. If the user actuatable 
means 26 is selected, then in the preferred embodiment 
the user input means 52 allows the operator to specify 
the type of assist required in decision block 38. For 
example, if less assist is desired, the selecting means 
24 allows the user to select the line labeled Assist Less 
as shown in Fig. 4. As a result, instruction block 40 
instructs system 10 to decrease the assist at a specified 
rate which may be programmed based on predeter- 
mined calculations into controller 18. On the other hand, 
the operator of the vehicle may choose to request 
greater assist as shown by the line labeled Assist 
Greater which will instruct instruction block 42 to 
increase the assist at a proportional gain or specified 
rate based on programmed instructions, or even vehicle 
speed or torque. Instruction block 44 represents the flow 
varying means 20 receiving the signals and preferably 
includes an electronically variable orifice system such 
as the one described with reference back to Figs. 1 and 
2.. 

[0031] Torque sensor 12 provides a torque signal 
which preferably is approximately a 0-5 volt (V) signal to 
the torque conditioner circuit 14 shown in Fig. 5. The 
torque sensor signal is provided as a voltage input sig- 
nal 46. The torque signal is preferably indicative of the 
position of the steering wheel. For example, an approx- 
imate 2.5 Volt signal is indicative that no torque is being 
applied to the steering wheel. That is the steering wheel 
is positioned so that the wheels are substantially 
straight. As the steering wheel is turned to the right, the 
voltage swings positive or negative depending on the 
direction of movement of the wheel as is known in this 
art. The torque conditioner circuit 14 which is known in 
this art takes the 0-5 Volt signal and provides a high 
impedance output voltage signal. While the torque con- 
ditioner circuit 14 as represented in Fig. 3 is shown situ- 
ated outside controller 18, it should be readily 
understood that torque conditioner circuit 14 may be 
incorporated within the controller. The torque sensor 
signal 46 is first sent to operational amplifier 48. Opera- 
tional amplifier 48 is preferably a LM2902 operational 
amplifier commercially available from National Semi- 
conductor Corporation. The inverting input (-) of opera- 
tional amplifier 48 receives the torque sensor signal. 
Operational amplifier 48 and associated circuitry pro- 
vides an absolute value detection. The output voltage of 
operational amplifier 48 is always positive, and as such 
is what is termed or known as an absolute value detec- 
tor. A fixed voltage value of approximately 2.5 Volts is 
provided to the non-inverting input (+) of operational 
amplifier 48. When there is zero torque, which means 
the steering wheel is not being moved, there is no differ- 
ence in the output voltage of operational amplifier 48. 
Resistors 54, 56, and 58 are operatively connected as 
shown in the circuit arrangement. In the preferred 
embodiment, resistors 54, 56, 58, and 60 are 100 K 



ohm resistors. Small signal diodes 62, 64 are opera- 
tively connected to always provide a positive output volt- 
age. A suitable diode is a 1N4148 diode available from 
National Semiconductor Corporation. Resistor 66 which 

5 is preferably in this example a 200 K ohm resistor is also 
operatively connected ther in. It should be immediately 
apparent that other resistance values may be employed 
and the ones provided are for illustrative purposes of the 
preferred embodiment. 

10 [0032] Operational amplifier 68 receives the output 
voltage at its inverting pin. The non-inverting pin of 
operational amplifier 68 also has a fixed voltage applied 
thereto similar to the non-inverting pin of operational 
amplifier 48. The fixed voltage is provided by the battery 

15 at line input 50, preferably the battery is the vehicle bat- 
tery. The fixed voltage line includes resistors 70, 72, 74 
connected in series. The fixed voltage applied to the 
non-inverting pin of operational amplifiers 48, 68 is con- 
nected in a line that is grounded through resistor 76 and 

20 includes Zener diode 1 10 to establish a reference volt- 
age of preferably approximately 5V. Resistors 74 and 76 
act to divide that reference voltage in approximately one 
half for amplifiers 48, 68. A reference voltage of prefera- 
bly 5V is also applied to the torque sensor as is known. 

25 Operational amplifier 68 amplifies the output and pro- 
vides an adjustable threshold value with its operative 
connection to potentiometer 78. Potentiometer 78 is 
connected to ground through resistor 80. A negative 
feedback resistor 82 is positioned within the circuit. 

30 Resistor 84 is operatively connected to potentiometer 
78 and the amplifier 68. It adds to the offset for adjusting 
the threshold value. The threshold adjustment of poten- 
tiometer 78 may be adjusted automatically or manually 
to depend on speed or some other selectable parame- 

35 ter. Accordingly, it may be shifted up or down dynami- 
cally and may be responsive to the field of the steering 
wheel or any other desired parameter. Resistors 74 and 
76 are preferably 47 K ohm resistors. Resistor 72 is a 
470 ohm resistor and resistor 70 is a 100 ohm resistor. 

40 Resistor 80 is a 20 K ohm resistor, resistor 84 is a 300 
K ohm resistor, and resistor 82 is a 1M ohm resistor. 
The resistor in potentiometer 78 has a resistance value 
of 10 Kohms. 

[0033] In the next stage of the circuit, operational 
45 amplifier 86 receives the signal at its non-inverting pin 
and is employed to amplify the stage and provide a gain 
setting adjustment. Operational amplifier 86 sets the 
gain and is adjustable with potentiometer 88 which is 
operatively connected and grounded through resistor 
so 90 to the inverting pin of operational amplifier 86. 

[0034] Resistor 90 has a resistance of preferably 
100 K ohms and potentiometer 88 has a resistance 
value of 1M ohms. Operational amplifier 92 receives the 
gain adjusted signal from operational amplifier 86 
55 through resistor 94. Operational amplifier 92 receives 
the signal on the inverting pin thereof and determines 
the maximum level attained with the circuit. Operational 
amplifier 92 at its non-inverting pin is preferably con- 
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nected to a switch 96 that in one position simulates a 
determined signal such as a speed signal with the 
employment of potentiometer 98. Switch 96 is prefera- 
bly a user actuatable switch, or may be automated. 
Switch 96 preferably includes a toggle 100 that may be 
switched in one position as indicated as ON at 101 to 
activate the controlled torque steering system in accord- 
ance with the present invention, or alternatively in its 
OFF position at 103 to disable the variable assist sys- 
tem, or to still another position 105 to use the actual 
speed input signal which is an analog input to make 
steering adjustments based thereon. The analog speed 
input signal is provided on line 102 to switch 96. The 
signal 102 is grounded via line 104. Potentiometer 98 
allows for adjustment with a simulated speed signal, or 
other parameter. Switch 96 allows the variable assist 
steering system to be disengaged at position 103 or 
merely employ the actual speed input. Capacitors 106, 
108 are filtering capacitors that facilitate in reducing or 
eliminating electrical noise to provide a cleaner direct 
current (DC). The torque conditioner circuit 14 shown in 
Fig. 5 provides a relatively high impedance output volt- 
age output signal that preferably ranges from 0-5 Volts 
at output 112. 

[0035] In the preferred embodiment, resistors 94 
and 93 have a resistance of 100 K ohms. Potentiometer 
98 has a resistance of 100 K ohms. While switch 96 is 
shown as a user actuatable switch, it should be immedi- 
ately apparent that switch 96 may be programmed or 
controlled via a microprocessor such as controller 18 or 
other suitable means so that it is automated and based 
on either set parameters or user interaction. Also, the 
values of resistance set forth herein are for the preferred 
embodiment and other embodiments can include other 
values of resistance. 

[0036] Turning next to Fig. 6, there is shown a sche- 
matic of a suitable circuit 16 that processes the torque 
signal as conditioned by the circuit 14 shown in Fig. 5, 
and with the use of controller 18 generates a control 
output signal at a preset rate when the controlled torque 
steering system is activated. The relatively high imped- 
ance output voltage signal 112 is connected through 
resistor 1 14 where a portion of the signal is tapped off 
by potentiometer 1 16 and is provided as an input to the 
non-inverting pin of operational amplifier 118. The out- 
put from operational amplifier 1 18 feeds directly into the 
base of a transistor 120 such as preferably a Darlington 
transistor, TIP111 commercially available from National 
Semiconductor Corporation. The emitter of transistor 
120 sends a signal that passes through 1 Watt - 1 ohm 
resistor 122 which is grounded as indicated. An output 
current of the load from the hydraulic fluid flow varying 
means such as an EVO 20 is sent to the inverting input 
of operational amplifier 118 and compared with the 
torque output voltage signal by operational amplifier 
118. The output of transistor 120 is provided to the load 
20 as current which is directly proportional to the input 
signal in voltage. In electronic variable orifice 20, the 



load may include a control solenoid, which may be sim- 
ilar in construction to that of solenoid 201 as shown in 
Fig. 2 and described in U.S. Patent No. 5,725,023, for 
the electrically variable orifice for regulating flow of 
5 hydraulic fluid. The voltage input to output current con- 
verter shown in Fig. 6 is powered through the vehicle 
battery 50 and the circuitry includes a power source 
supply 124 for powering the operational amplifier 118. 
The filtering capacitor 126 is provided to eliminate line 
w noise. Resistor 128 is operatively connected therein. 
The diode 130, resistor 132, and capacitor 134 provide 
the delay or establish the ramp and is adjustable with 
the time constant capacitor 134. This is the biasing por- 
tion of this circuit. The signal processor 16 delays appli- 
es cation of the control output signal in one direction 
preferably with the bias portion. The signal processor 1 6 
may either delay the application of the control output 
signal or simply the release of the control output signal. 
Delaying the application is preferred. The load current 
20 applied to the solenoid may be monitored at 136 with 
suitable means or a gauge like a volt meter. Resistor 
138 isolates the meter from the circuit. 
[0037] It should be understood that any suitable sig- 
nal processor that functions as a voltage input to output 
25 current converter may be used in the present invention. 
This signal processing provides a more stable control- 
led torque steering system. 

[0038] In the preferred embodiment, resistor 1 14 is 
a 39 K ohm resistor. Resistors 132, 140, and 138 are 1 

30 K ohm resistors. Diode 130 is a IN4148 small signal 
diode available from National Semiconductor Corpora- 
tion. Resistor 128 is a 470 ohm resistor. Potentiometer 
1 16 has a resistance value of 10 K ohms. Again, these 
values are being provided to illustrate a preferred 

35 embodiment. The present invention is not intended to 
be limited thereto. An alternate embodiment would 
include employment of fixed resistance once potentiom- 
eter values have been determined or set. Other suitable 
signal processing means may be employed to achieve 

40 the objects set forth herein. 

[0039] The present invention is particularly suited 
for an on demand hydraulic steering system and is an 
improvement over the electronically variable orifice 
power steering systems that are currently commercially 

45 available. The advantages over other non-torque con- 
trolled steering systems include fuel savings, better 
overall feel of steering, reduced side-to-side vehicle var- 
iability, and eliminates the requirement for a hand or 
steering wheel speed sensor. 

so [0040] The operation of the controlled torque steer- 
ing system of the present invention is relatively straight- 
forward. When the operator is driving straight, the 
hydraulic fluid flow rate is at a minimum. As the operator 
begins a turn, the steering system detects a torque 

55 increase, and compensates by increasing the flow rate. 
During the turn, the system immediately reaches an 
equilibrium period as the driver finishes the turn, the 
system detects the torque decrease, and begins to 
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decrease the flow rate. While driving straight, the flow 
rater turns to a minimum. 

[0041 ] The controlled torque steering system of the 
present invention reduces oscillation presumably 
caused by unstable electronics and/or hydraulics by 5 
providing a delay or ramping down of the command con- 
trol output signal at a slower rate. Conversely, if the 
operator desires the feel of conventional power steer- 
ing, this may be accomplished by using the selecting 
means 24 to disable the controlled torque steering sys- io 
tern, and possibly even the electronic variable orifice 
system. Alternatively, selecting means 24 may be 
employed to provide for the use of vehicle speed input to 
signal the steering controller to command a different 
strategy. User actuatable means 26 allows the operator is 
to select the stable controlled torque steering system 
and further in conjunction with user input means 52 
allows the operator to control how much assist. 
[0042] While a specific embodiment of the invention 
has been shown and described in detail to illustrate the 20 
application of the principles of the present invention, it 
will be understood that the invention may be embodied 
otherwise without departing from such principles. 

Claims 25 

1. In an on demand hydraulic assist steering system, 
a controlled torque steering system (10) compris- 
ing: 

30 

means for selecting (24) a predetermined 
amount of desired assist in steering; 
a torque sensor (12) for sensing a torque of a 
steering wheel shaft and establishing a signal 
indicative thereof; 35 
a controller (18) in communication with and 
responsive to said selecting means (24) and 
said torque sensor (12) for receiving the torque 
signal therefrom, said controller having means 
for processing the torque signal (1 4, 1 6) to gen- 40 
erate a control output signal at a preset rate in 
an activated state by said selecting means 
(24); and 

means for varying flow (20) of hydraulic fluid to 
a steering unit (22), said flow varying means 45 
(20) being in communication with said control- 
ler (18) and responsive to the output signal 
therefrom. 

2. A controlled torque steering system as recited in 50 
claim 1, wherein said selecting means comprises 
user actuatable means (26) for selecting a prede- 
termined amount of desired assist in steering. 

3. A controlled torque steering system as recited in 55 
claim 2, wherein said user actuatable means com- 
prises a switch. 



4. A controlled torque steering system as recited in 
claim 1, wh rein said selecting means (24) com- 
prises automated means (28) for determining an 
amount of desired assist in steering based on vehi- 
cle speed. 

5. A controlled torque steering system as recited in 
claim 1, wherein said processing means (14, 16) of 
said controller further comprises means for delay- 
ing (16) response time of the control output signal 
for providing the control output signal at the preset 
rate. 

6. A controlled torque steering system as recited in 
claim 5, wherein said delaying means (16) com- 
prises a voltage input to output current converter. 

7. A controlled torque steering system as recited in 
claim 1 , further comprising user input means (52) 
for selecting a desired amount of assist. 

8. A steering controller system as recited in claim 1 , 
wherein said means for varying flow (20) of hydrau- 
lic fluid comprises an electronic variable orifice. 

9. A method for controlling steering with an on 
demand hydraulic assist steering system, compris- 
ing the steps of: 

selecting (20) a predetermined amount of 
desired assist in steering; sensing torque in a 
steering wheel shaft with a torque sensor (12) 
and establishing a signal indicative thereof; 
receiving the torque signal with a controller (18) 
in communication with the torque sensor (12); 
generating a control output signal at a preset 
rate with the controller (1 8) when activated with 
the selecting step; and 

varying flow of hydraulic fluid (20) to a steering 
unit (22) responsive to the control output signal 
with means for varying hydraulic fluid flow (20). 

10. A method as recited in claim 9, wherein said select- 
ing step further comprises the step of providing 
user actuatable means (26) for selecting a prede- 
termined amount of desired assist in steering. 

1 1 . A method as recited in claim 9, wherein said select- 
ing step further comprises the step of providing 
automated means (28) for determining an amount 
of desired assist in steering. 

12. A method as recited in claim 11, wherein said step 
of providing automated means (28) further com- 
prises the steps of inputting a vehicle speed signal 
(102) to the controller (18), and determining an 
amount of assist in steering responsive thereto. 
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1 3. A method as recited in claim 9, wherein said gener- 
ating step comprises the step of delaying (16) the 
control output signal 

14. A method as recited in claim 9. further comprising 5 
the step of providing a signal of break away torque 
feel to the controller. 

15. A method as recited in claim 9, further comprising 
the steps of providing a user actuatable input 10 
means (26) and inputting an amount of assist in 
steering. 

16. A method as recited in claim 15, wherein said input- 
ting step comprises the step of providing incremen- 15 
tal amounts of assist in steering. 

17. A method as recited in claim 15, wherein said input- 
ting step comprises the step of providing decre- 
ments amounts of assist in steering. 20 

18. in an electronic controller for an electronic variable 
orifice steering system, the improvement compris- 
ing a signal processor (16) for delaying a control 
output signal generated by the controller for trans- 25 
mission to means for varying flow in the variable ori- 
fice steering system. 

19. The electronic controller as recited in claim 18, 
wherein said signal processor 16 delays application 30 
of the control output signal in one direction only to a 
solenoid. 

20- The electronic controller as recited in claim 18, 
wherein said signal processor 16 delays release of 35 
the control output signal in one direction only to a 
solenoid. 
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